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1 . 1, the undersigned, am an inventor for the Patent Application (hereinafter st the 
Application") identified above. 

2. The subject matter of the Application was conceived prior to November 4, 2003, 
as evidenced by the "Intel Invention Disclosure 30545" dated February 28, 2003, which 
is attached hereto as Exhibit A. 

3. 1 have reviewed the subject matter of currently pending claims 1-6, 10-16, and 18. 
The "Intel Invention Disclosure 30545" fully supports the subject matter of claims 1-6, 
10- 1 6, and 1 8 of the Application. 

4. My employer approved the preparation and filing of the Application directed to 
the subject matter described in the "Intel Invention Disclosure 30545." 



5. On December 1 5, 2003 I reviewed the final draft and authorized the filing of the 
Application. 

6. The Application was filed in the United States Patent Office on December 30, 
2003, constructively reducing the invention to practice. 

7. I hereby declare that all declarations made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 8 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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5. On December 15, 2003, 1 reviewed the final draft and authorized the filing of the 
Application. 

6. The Application was filed in the United States Patent Office on December 30, 
2003, constructively reducing the invention to practice. 

7. I hereby declare that all declarations made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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Application. 
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email account "invention disclosure submission." If you have any questions, please call 8-264-0444. 
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{PROVIDE SAME INFORMATION AS ABOVE FOR EACH ADDITIONAL INVENTOR) 

2. Title of Invention: _______ 

Adaptive channel equalizer with decision directed feedback 



3. What technology/product/process (code name) does your invention relate to (be specific if you can) 
OFDM - orthogonal frequency division multiplexing. IEEE 802.11a 



4. Include several key words to describe the technology area of the invention in addition to # 3 above: 
OFDM systems, equalizer.channel trackino. amplitude and phase compensation 



5. Stage of development (i.e. % complete, simulations done, test chips if any, etc.): 
Simulations done 



6a. Has a description of your inventjorTb^^or planned to be) published outside of intelT^^ 
YES 

If YES, was the manuscript submitted for pre-publication approval through the Author Incentive Program: 
NO 

If YES, please identify the publication and the date published: 



6b. Has your invention been used/sold or planned to be used/sold by Intel or others? 
NO 

If YES P date it was sold or will be sold: 



6c. Does this invention relate to technology that is or will be covered by a SIG (special interest group)/standard or specification? 
NO 

If YES, name of SIG/standard/specificatlon: 



6d. If the invention is embodied in a semiconductor device, actual or anticipated date of tapeout? 



6e. If the invention is software, actual or anticipated date of any beta tests outside Intel: 



7. Was the invention conceived or constructed In collaboration with anyone other than an Intel blue badge employee 
or in performance of a project involving entities other than Intel (e.g. government, other companies, universities 
or consortia)? NO: X If YES, name of individual or entity: 



8. Is this invention related to any other invention disclosure that you have recently submitted? If so, please give the title and 
inventors: 

"ADAPTIVE CHANNEL ESTIMATION FOR ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING SYSTEMS OR THE LIKE* 
by Alexander A. Maltsev. Andrev V. Pudevev. Ali S. Sadri 



PLEASE READ AND FOLLOW THE DIRECTIONS ON 
HOW TO WRITE A DESCRIPTION OF YOUR INVENTION 

Try to limit your description to 2-3 pages 
Do NOT attach a presentation, white paper, or specification 
ANSWER ALL OF THE QUESTIONS BELOW 

Please provide a description of the invention and include the following information: 

1. Describe in detail what the components of the invention are and how the invention works. 

This invention proposes a novel adaptive equalization scheme with decision directed feedback for 
OFDM system. The purpose of this scheme is to compensate time- variant fluctuation of the frequency-selective 
channel caused by Doppler effect. The proposed scheme, in addition to the conventional scheme that averages 
and updates estimated channel coefficient on each subcarrier [1], averages channel coefficients of adjacent 
subcarriers, exploiting a smoothing window. This additional smoothing in frequency domain improves accuracy 
of channel equalization. 



Proposed scheme is a part of the OFDM receiver and used for channel tracking and signal equalization. 
It consists of three additional to usual OFDM system blocks. Fig.1 shows the proposed scheme, incorporated in 
digital part of usual OFDM receiver. 

Block 1 is a channel estimator. It uses special training symbols to obtain channel transfer function 
estimate (in frequency domain). In one embodiment channel estimator can exploit least square (LS) algorithm 
with smoothing of the obtained channel estimates in frequency domain. Smoothing window length may be fixed 
or chosen adaptively on the basis of channel length estimate [3], The output of block 1 - Least Square Channel 
Estimator is the initial state of the proposed channel-tracking scheme. 



Block 2 - averaging circuit is a core of the proposed adaptive channel equalizer. It takes LS channel 
estimate as initial state and updates the channel equalizer coefficients by using information from block 3 - 
channel correction device. Averaging circuit provides averaging channel coefficients form block 3 on the 
several OFDM symbols in time domain. In addition, it makes smoothing in frequency domain (through the 
subcarriers) in the same way as at the LS with smoothing channel estimator 

Block 3 - channel correction device is used to obtain channel estimate from only one OFDM symbol, by 
division received non-equalized OFDM symbol on the corresponded correct symbol. In one embodiment, to 
obtain correct symbol we use feedback symbol from the Demapper block of OFDM system. In another 
embodiment, it is possible to take feedback signal from the decoder, but it makes system more complex. 

Block 4 is usual mapper (BPSK, QPSK 16-QAM, 64-QAM, etc). 

Block 5 is standard interleaver for OFDM systems. 

Block 6 is decoder for convolutional coder, used in OFDM system. It may be hard decision or soft 
decision decoder. 

Blocks 4-6 may not be a special part of the proposed device, but can be embedded in the transmitter part 
on the OFDM transceiver, and used in our scheme in the receiving stage, when all transmitter devices is 
inactive. 

The scheme is work as follows: 

The received signal is fed into FFT, which recovers the data subcarriers. Then, to eliminate the effect of 
multipath fading, OFDM symbol is divided by the equalizer coefficients. These coefficients are equal to the 
channel estimates for first N OFDM symbols. For the next N symbols equalizer coefficients are equal to 
averaged channel estimates from block 3. We use "N-size block averaging" instead of "moving average". It 
allows to store in memory only Nfft (size of FFT) variables in comparison with N* Nfft in the case of "moving 
average". At the next cycle, we use average over previous N channel estimates from block 3 to equalize next N 
symbols and so on. Value of N (block size) can be determined on the basis of a priori information about channel 
coherence time. 

To evaluate performance of the proposed scheme, we have embedded it into the OFDM 802.11a 
transceiver pipeline model. For simulation we have used Jakes channel model with Doppler spread (see [2]). 
Parameters of this model are shown at Table 1 . 



Channel Model 


Jakes, [2] 


Delay spread 


50 ns, Rayleigh 


Doppler spread 


50 Hz, Flat 


Number of reflectors 
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Table 1. Jakes channel model parameters. 



We use 16-QAM modulation with hard decision decoder (rate 3/4). Packet length was 4000 bytes (about 450 
symbols)- about 2 ms duration. 

It can be seen, that exploiting of the proposed scheme with smoothing in frequency domain gives about 
0.5-0.7 dB equivalent SNR gain in comparison to scheme without frequency smoothing. Performance of OFDM 
system without channel tracking is decreased dramatically because of Doppler spread. 

2. Describe advantage(s) of your invention over what is currently being done. 

■ Feedback from the demapper block reduces complexity without significant loss of performance. 



Feedback from the demapper bflJEk allows avoiding long delay, concernelmith feedback from the 
decoder. 

Exploiting "block averaging" instead of 'inoving average" decreases computational burden and 
economizes memory. 

Equalizer coefficients smoothing in frequency domain improve equalizer performance. (Significant 
improvement over prior art) 

The scheme is adopted to work with new bit and power loading algorithms. 

Capability to use block codes with long block size with the proposed adaptive equalizer configuration 
(e.g LDPC, Turbo, Substantial differentiation from the prior art) 

You MUST include at least one figure illustrating the invention. If the invention relates to software, 
include a flowchart or pseudo-code representation of the algorithm. 
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FIG. 1* Structure scheme of the proposed adaptive equalizer. 
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FIG* 2. Throughput performance of OFDM system (16-QAM, R=3/4) 
for Jakes channel model (//=50Hz). 

4. Value of your invention to Intel (how will it be used?). 

The proposed scheme can be used as a part of OFDM transmitter (in particular, wireless LANs devices 
either hardware or software, based on IEEE Std 802.1 la). It also can be suggested for Intel participation in the 
development of new next WLANs generation and enhancement of current IEEE Std 802.1 la. 



5. Explain how your Invention is novel. If the technology Itself is not new, explain what makes it 
different. 

The main differences from previous work is: 

■ Smoothing the channel estimate both in frequency and in time domain to improve performance. 

■ Simplified decision-directed feedback - reducing complexity without performance degradation. 

■ Exploiting "block averaging" instead of "moving average" decreases computational burden and 
economizes memory. 

■ Equalizer coefficients smoothing in frequency domain improve equalizer performance. 

6. Identify the closest or most pertinent prior art that you are aware of. 

[1] Funada, R.; Harada, H.; Kamio, Y.; Shinoda, S.; Fujise, M.; A new amplitude and phase 
compensation scheme under fast fading environment for OFDM packet transmission systems; Vehicular 
Technology Conference, 2001. VTC 2001 Fall. IEEE VTS 54th , Volume: 4 , 2001 Page(s): 2093 -2097 vol.4 

In this paper adaptive channel equalizer for OFDM system was proposed. But this scheme exploits 
sophisticated decision feedback and does not exploit smoothing in frequency domain. 

[2] Jakes W. C., Microwave Mobile Communications, John Wiley & sons Inc., New York, 1974. 



Channel model used for simulations. 
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[3] Maltsev A. A., Pudeyev A. V., Sadri A. S., Adaptive Channel Estimation For Orthogonal 
Frequency Division Multiplexing Systems Or The Like, Patent application PI 5083 (pending). 

Previous disclosure with similar approach to the problem of channel estimation 

7. Who is likely to want to use this invention or infringe the patent If one is obtained and how would 
infringement be detected? 

Potential users of this invention are developers of OFDM systems. 
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DATE: 
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BY APPROVING, I (SUPERVISOR) ACKNOWLEDGE THAT I HAVE READ AND UNDERSTAND THIS 
DISCLOSURE, AND RECOMMEND THAT THE HONORARIUM BE PAID 
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